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@ Electronic sphygmomanometer. 


® An electronic Sphygmoman employing both the 
Korotkoff method (10) and the oscillometric method 
(30) and thereby capable of accurately measuring 
the blood pressure due to the two advantages of the 
above-described methods. The electronic Sphygmo- 
man is arranged in such a manner that either of the 
results of measurements of the two methods can be 


automatically selected, that the gate for detecting the 
Korotkoff sound by using the oscillation in cuff pres- 
sure is automatically stopped and that the validity of 
the Korotkoff sound is determined in accordance 
with the change in the height of the oscillating pulse 
wave. 
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ELECTRONIC SPHYGMOMANOMETER 


BACKGROUND OF THE INVENTION 


1 . Field of the Invention 

The present invention relates to an electronic 
sphygmomanometer, and, more particularly, to an 
electronic sphygmomanometer arranged to be op- 
erated in accordance with the Korotkoff method 
and the oscillometric method. 


2. Description of the Prior Art 

In a blood pressure measuring method without 
watching blood, systolic blood pressure.diastolic 
blood pressure and mean blood pressure are mea- 
sured based on a change of blood llow in an artery 
under the cuff which wraps on the blood pressure 
measuring portion, through the process of reducing 
pressure of the cuff in slow fixed speed after the 
pressurizatlon of the cuff over the systolic blood 
pressure expected, or the process of pressuring 
the cuff in fixed speed from the pressure less than 
the diastolic blood pressure to the pressure more 
than the systolic blood pressure. There are the 
Riva-Rocci-Korotkoff method of measuring the 
blood pressure in accordance with a recognition of 
Korotkoff sounds (to be called the "K-sound meth- 
od" hereinafter) and the oscillometric method of 
measuring the blood pressure in accordance witii 
the oscillating pulse wave overlapping on the cuff 
pressure (to be called the "OSC method" 
hereinafter) as the above method without watching 
blood. 

Conventional electronic sphygmomanometers 
have been arranged to act in accordance with only 
either method of the above-described methods: the 
K-sound method and the OSC method. Therefore, 
these electronic sphygmomanometers have shown 
the advantage and the drawback which each meth- 
od has. For example, a problem arises in that an 
accurate blood pressure level cannot be obtained 
from persons who show too weak a K-sound to be 
detected, persons having strong pulses and pa- 
tients who are being subjected to artificial dialysis 
and who therefore show strong artery shunt noise, 
causing the K-sound to be undesirably detected to 
the level below the diastolic blood pressure. On the 
other hand. the OSC method sphyg- 
momanometerometer has a problem In that the 
blood pressure cannot be accurately measured 
from a person who shows too small oscillating 
pulse waves, when the cuff belt Is wound too 


loosely, when a relatively large cuff is wound ar- 
ound a thin arm or when the blood pressure 
change is too excessive during the blood pressure 
measurement operation (the blood pressure 
5 change at breathing time). 


SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to overcome the above-described problems ex- 
perienced with the conventional electronic sphyg- 
momanometers and to provide an electronic 

75 sphygmomanometer capable of overcoming a 
problem in which the blood pressure cannot be 
measured and displaying an accurate blood pres- 
sure level by making good use of the advantage of 
both methods and making up the drawback each 

20 other. 

Another object of the present invention is to 
provide an electronic sphygmomanometer capable 
of accurately determining that the oscillation in cuff 
pressure is too small and eliminating an error from 

25 the result of the measurement of the blood pres- 
sure taken place due to the fact that the oscillation 
in cuff pressure is small. 

A further object of the present invention is to 
provide an electronic sphygmomanometer capable 

30 of accurately determining that the oscillation in cuff 
pressure is too small, eliminating an error fi om the 
result of the measurement of the blood pressure 
taken place due to the fact that the oscillation in 
cuff pressure is small and eliminating an error from 

35 the result of the measurement of the diastolic blood 
pressure due to the change caused from slight and 
sole arhythmia and respiration. 

A still further object of the present invention is 
to provide a reliable electronic sphygmomanometer 

40 because of its structure arranged in such a manner 
that probable checking is performed. 

Another object of the present invention is to 
provide a reliable electronic sphygmomanometer in 
which the probable checking is performed by ob- 

45 taining the blood pressure levels at the times of the 
pressure application and the pressure reduction. 

In order to achieve the above-described ob- 
jects, according to the present invention, an elec- 
tronic sphygmomanometer is disclosed which is 

so arranged to act depending upon both the K(jrotkoff 
method and the oscillometric method and capable 
of accurately measuring the blood pressure and 
overcoming the problems taken place In tliat the 
blood pressure cannot be measured, the above- 
described effects being obtainable thanks to the 
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two advantages of the above-described two meth- 
ods. 

Then, the structures will be described. 

An aspect of the present invention lies in an 
electronic sphygmomanometer comprising: first 
blood pressure measuring means for measuring 
the blood pressure at the time of reducing the cuff 
pressure in accordance with the generation or the 
disappearance of Korotkoff sound; second blood 
pressure measuring means for measuring the 
blood pressure at the time of reducing the cuff 
pressure in accordance with a oscillating pulse 
wave signal of the cuff; and blood pressure selec- 
tion means for selecting and displaying the result 
of the measurement performed by the first blood 
pressure measuring means and the second blood 
pressure measuring means corresponding to the 
relationships between the timing at which the 
Korotkoff sound is generated, the timing at which 
the same disappears and the timing at which the 
blood pressure is detected in accordance with the 
oscillating pulse wave. 

In the case of measuring the blood pressure of 
one whose Korotkoff sound is difficult to be de- 
tected, when no Korotkoff sound more than pre- 
determined level has been detected by the first 
blood pressure measuring means not later than the 
detection of a mean blood pressure by the second 
blood pressure measuring means, the blood pres- 
sure selection means selects the systolic blood 
pressure and the diastolic blood pressure mea- 
sured by the second blood pressure measuring 
means, while, in the case where the Korotkoff 
sound has been detected not later than the mean 
blood pressure is detected, the blood pressure 
selection means selects the systolic blood pressure 
measured by the first blood pressure measuring 
means. 

In the case where the Korotkoff sound has 
been detected at a pressure level of {mean blood 
pressure - (systolic blood pressure - mean blood 
pressure)} or less, the blood pressure selection 
means selects the diastolic blood pressure mea- 
sured by the second blood pressure measuring 
means, while, in the case where the Korotkoff 
sound disappears at the pressure level of {mean 
blood pressure - (systolic blood pressure - mean 
blood pressure)} or more, the diastolic blood pres- 
sure measured by the first blood pressure measur- 
ing means is selected. 

In the case where the Korotkoff sound has 
been detected after the pressure level had been 
reduced by about 15 mmHg after recognition of the 
diastolic blood pressure by the second blood pres- 
sure measuring means, the blood pressure selec- 
tion means selects the diastolic blood pressure 
measured by the second blood pressure measuring 
means, while, In the case where the Korotkoff 


sound disappears not later than the reduction of 
the pressure by about 15 mmHg, the diastolic 
blood pressure measured by the first blood pres- 
sure measuring means is selected. 

5 An electronic sphygmomanometer according to 

the present invention comprises display means or 
instruction means for displaying or instructing the 
result of the measurement performed by the first 
blood pressure measuring means of the result of 

10 the measurement performed by the second blood 
pressure measuring means. 

According to the above-described structure, 
both the measurement of the blood pressure in 
accordance with the OSC method and that in ac- 

15 cordance with the K-sound method are performed 
so that either of the above-described blood pres- 
sure levels is selectively displayed in accordance 
with the relationship between the time at which the 
Korotkoff sound has been generated and the time 

20 at which the predetermined blood pressure level 
has been detected in accordance with the above- 
described oscillating pulse wave. Therefore, even if 
the blood pressure cannot be measured by either 
of the K-sound method or the OSC method, the 

25 blood pressure can be measured. In addition, the 
reliability of the result of the measurement can be 
confirmed by an operator since the subject result 
of the measurement of the blood pressure is ob- 
tained in accordance with either the K-sound melh- 

30 od or the OSC method. Furthermore, since either 
of the blood pressure levels respectively obtained 
in accordance with the K-sound method and the 
OSC method is displayed In response to an In- 
struction, the blood pressure levels respectively 

35 obtained from the K-sound method and the OSC 
method can be subjected to a comparison with 
each other. Therefore, a problem arisen In that the 
blood pressure cannot be measured can be over- 
come and an accurate blood pressure level can 

40 thereby be displayed. 

Another aspect of the present invention lies in 
an electronic sphygmomanometer acting in accor- 
dance with both a Korotkoff method in which blood 
pressure is measured in accordance with the gen- 

45 eration or disappearance of Korotkoff sound by 
pressing a portion of the human body and an 
osciilometric method in which the blood pressure is 
measured in accordance with the change in the 
level of oscillation in cuff pressure overiapping the 

50 pressure of the cuff and due to the time phase, the 
electronic sphygmomanometer comprising: 
oscillation in cuff pressure measurement stopping 
means for stopping the measurement of the oscilla- 
tion in cuff pressure in accordance with a detection 

55 of the oscillation in cuff pressure not later than the 
recognition of the systolic blood pressure or the 
diastolic blood pressure obtained in accordance 
with the Korotkoff method. 
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The above-described oscillation in cuff pres- 
sure measurement stopping means stops the mea- 
surement of the oscillation in cuff pressure in the 
case where the oscillation in cuff pressure cor- 
responding to the Korotkoff sound which has been 
first detected is less than a predetermined number 
of pulses. 

Another aspect of the present invention lies in 
an electronic sphygmomanometer comprising: time 
zone determining means for determining the time 
width in which Korotkoff sound is recognized in 
accordance with oscillation in cuff pressure at the 
time of the pressure of a cuff is reduced; blood 
pressure recognizing means for recognizing a pre- 
determined blood pressure in accordance with the 
generation of the Korotkoff sound in the time zone 
determined by the time width determining means; 
and time zone determination stopping means for 
stopping the determination of the time zone per- 
formed by the time zone determining means in 
accordance with a detection of the cuff pulse.no 
later than the time at which the systolic blood 
pressure is recognized. 

The above-described time zone determination 
stopping means stops the determination of the time 
zone in the case where oscillation in cuff pressure 
corresponding to the Korotkoff sound which has 
been first detected is less than a predetemiined 
number of pulses from the time at which the same 
has been first detected. 

The electronic sphygmomanometer according 
to the present inventiori further comprises second 
time zone determining means for determining the 
time zone in which next Korotkoff sound In a pre- 
determined time width is recognized at every rec- 
ognition of the Korotkoff sound, wherein, in the 
case where the determination of the time zone is 
stopped by the time zone detenmi nation stopping 
means, another time zone is detenmined by the 
second time zone, determining means. 

According to the above-described structure, the 
fact that the oscillation in cuff pressure is too small 
can be accurately determined and the error in the 
measurement of the blood pressure taken place 
due to the fact that the oscillation in cuff pressure 
is too small can be eliminated by using the oscilla- 
tion in cuff pressure as the gate for the Korotkoff 
sound and by making a determination whether or 
not the oscillometric method is executed at the 
time when the systolic blood pressure is recog- 
nized. 

Furthermore, since the means for setting a 
time zone for recognizing tine next Koroticoff sound 
of a predetemiined time widtfi for each recognition 
of the Korotkoff sound is provided, the noise in the 
detection in accordance witii only the Koroa<off 
sound is discriminated and the error from the result 
of the measurement of the diastolic blood pressure 


due to the change caused from slight and sole 
arhythmia and respiration can be eliminated. 

An aspect of the present invention Hies in an 
electronic sphygmomanometer for measuring blood 

5 pressure by pressing a portion of the human body, 
comprising: point detection means for destecting a 
point of the systolic blood pressure and tliat of the 
diastolic blood pressure in accordance with the 
generation or the disappearance of Korotkoff 

10 sound; determining means for determining the va- 
lidity of the points in accordance with the height of 
the oscillating pulse wave at the point and the 
change in the height of the oscillating pulse wave 
in the vicinity of the point; and display means for 

rs displaying the blood pressure in accordance with 
the result of the determination made by tiie deter- 
mining means. 

The point detection means detects ea<;h of the 
points at the time of pressure application and re- 

20 duction so as to determine the validity of l:he point 
In accordance with the blood pressure level ob- 
tained at the time of the pressure application and 
the blood pressure level at the time of the pressure 
reduction. 

25 According to tiie above-described staicture, a 

phenomenon tiiat the capacity of thie bloocd vessel 
under the cuff is changed at tiie times when tiie 
Korotkoff sound is generated and allowed to dis- 
appear is utilized so tiiat the validity of the systolic 

30 and the diastolic blood pressures recognized in 
accordance with the Korotkoff method can be de- 
termined with a probability in a certain range, caus- 
ing the reliability of the result of the meas«jrement 
of the blood pressure to be improved. 

36 Other and further objects, features and advan- 

tages of the invention will be appear more fully 
from the following description. 


40 BRIEF DESCRIPTION OF THE DRAWINGS 


Fig. 1A is a block diagram which illustrates the 
structure of an electronic sphygmomanometer 
45 according to the present invention; 

Fig. IB illustrates another structure of the Korot- 
koff sound detection portion 10 shown in Fig. 
1A; 

Rg. 2 is a block diagram which illustrstes an 
50 essential portion of a first embodiment of an 
electronic sphygmomanometer according to the 
present invention; 

Fig. 3 Illustrates an example of a display per- 
formed by Uie electronic sphygmomanometer 
ss according to the first embodiment of the present 
Invention; 

Fig. 4 is a flow chart which lllusbiates ttie iflow of 
the measurement operation perfomned l>y ttie 
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electronic sphygmomanometer according to the 
first embodiment of the present invention; 
Fig. 5 is a block diagram which illustrates an 
essential portion of a second embodiment of the 
electronic sphygmomanometer according to the 
present invention; 

Fig. 6 illustrates an example of a display per- 
formed by the electronic sphygmomanometer 
according to the second embodiment of the 
present invention; 

Fig. 7 illustrates output signals from the respec- 
tive blocks of the electronic sphygmomanometer 
according to the second embodiment of the 
present invention; 

Figs. 8A to 8D are flow charts which illustrate 
the flows of the operation of the electronic 
sphygmomanometer according to the present 
invention; 

Fig. 9 Is a block diagram which illustrates an 
essential portion of a third embodiment of the 
electronic sphygmomanometer according to the 
present invention; 

Rg. 10 illustrates the principle of the measure- 
ment performed only when the pressure is re- 
duced; 

Fig. 11 is a flow chart which illustrates the flow 
of the operation performed in accordance with 
tiie principle shown in Rg. 10; 
Figs. 12A and 12B are flow charts which illus- 
trate the checking routine of the systolic blood 
pressure according to the example shown in Fig. 
10: 

Hgs. 13A and 13B are flow charts which illus- 
trate the checking routine of the diastolic blood 
pressure according to the example shown in Fig. 
10; 

Fig. 14 illustrates the principle of an example 
arranged to measure the blood pressure at the 
times of the pressure application and reduction; 
Fig. 15 is a flow chart which illustrates the flow 
of the operation performed by the structure 
shown in Rg. 14; 

Fig. 16 is a flow chart which illustrates the 
checking routine of the systolic blood pressure 
performed by the structure shown in Fig. 14; 
and 

Rg. 17 is a flow chart which illustrates the 
checking routine of the diastolic blood pressure 
performed by the structure shown in Fig. 14. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 


Rg. 1A Is a block diagram which illustrates the 
structure of an embodiment of an electronic sphyg- 
momanometer according to the present Invention. 

The sphygmomanometerometor according to 


the present invention comprises a cuff 1 pressing a 
portion of a human body and a Korotkoff sound 
sensor 2 disposed in the periphery of the cuff 1 . A 
signal transmitted from the Korotkoff sound sensor 

5 2 is supplied to a Korotkoff sound detection portion 
1 0. Then, the signal is amplified by an amplifier 1 1 , 
and then the signal thus amplified is supplied to a 
comparator 13 before it passes through a band 
pass filter 13 in which it is determined that there is 

10 Korotkoff sounds if the level of above-described 
signal exceeds a certain threshold value transited 
from a threshold value input circuit 14. The signal 
denoting that the Korotkoff signal has been con- 
firmed is supplied to a microcomputer 50. 

75 On the other hand, a signal transmitted from a 

pressure sensor 21 connected to the cuff 1 is 
supplied to a pressure detection portion 20. Then, 
the signal thus received is amplified by an amplifier 
22 before it is supplied to an A/D converter 33 so 

20 that a digital signal fonmed by the A/D converter 33 
is supplied to the microcomputer 50. A signal 
transmitted from the pressure sensor 21 is am- 
plified by an amplifier 20 before it is supplied to a 
oscillating pulse wave detection portion 30. Then, it 

25 passes a band pass filter 31 for restricting the 
frequency band for the purpose of eliminating a DC 
component and cancelling noise. Then, the signal 
is amplified by a amplifier 32 before the signal is 
supplied to the A/D converter 33 so that a digital 

30 output is obtained which is then supplied to the 
microcomputer 50. 

The microcomputer 50 (to be also called a 
"control unit" hereinafter) comprise a CPU 51 act- 
ing to calculate data and controlling the overall 

35 system, a ROM 52 for storing a control program 
and a RAM 53 serving as a sub-storage means. 
The microcomputer 50 is operated by power sup- 
plied from a power source 60 so that it detects the 
generation or disappearance of the Korotkoff 

40 sounds in accordance with the Korotkoff sound 
recognition signal supplied from the Korotkoff 
sound detection portion 10. The microcomputer 50 
as well acts to recognize the blood pressure in 
accordance with data denoting the height of the 

45 oscillating pulse wave or the area of the same 
supplied from the oscillating pulse wave detection 
portion 30 in addition to a function of checking the 
points at which the Korotkoff sounds have been 
respectively generated and the same have disap- 

so peared. Furthermore, the microcomputer 50 causes 
an LCD display portion 70 to display, as the level 
of the blood pressure, the cuff pressures at the 
generation and disappearance points of the Korot- 
koff sounds or the blood pressure recognition point 

55 Furthermore, the microcomputer 50 is provided 
with a key input portion 80 through which the 
power supply can be instructed. 

The microcomputer 50 operates an air supply 
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pump 42, a quick exhaust valve 43 and a bypass 
valve 45 via a motor operating portion 41 so that 
the pressure in the cuff 1 is controlled. A pulsation 
prevention filter 46 comprising a surge tank 46a 
and a fluid resistor 46b is disposed between the 
cuff 1 and the air supply pun>p 42. The microcom- 
puter 50 controls the above-described pumps and 
the valves with observing the cuff pressure so as to 
realize a desired cuff pressure level. Reference 
numeral 47 represents a constant rate exhaust 
valve acting at the time of the pressure is lowered. 

Fig. 1 B illustrates another example of the struc- 
ture of the Korotkoff sound (K-sound) detection 
portion 10. In this case, the Korotkoff sounds can 
be recognized from the waveform. 

The Korotkoff sound detection portion 10 com- 
prises a microphone 1 1 for sensing the blood flow, 
an amplifier 12 for amplifying the output voltage 
from the microphone 11. a band pass filter 13 for 
filtering a predetermined band which corresponds 
to the Korotkoff sound and an A/D converter 14. It 
is preferable that the amplifier 12 is arranged to be 
a type which is able to amplify the predetermined 
band. 


<First Embodiment> 

Rg. 2 is a block diagram which illustrates an 
essential Portion of an electronic sphygmomanom- 
eter according to a first embodiment of the present 
Invention. 

The control unit 50 comprises the CPU 51 , the 
ROM 52 for storing the control program for the 
CPU 51. the RAM 53 serving as a sub-storage 
means and acting to store supplied data, and I/O 
interfaces 54 and 55. Reference numeral 70 repre- 
sents the display of the liquid crystal type or the 
like for displaying the result of the measurement 
and reference numeral 80 represents the key input 
portion through an instruction of an operator is 
inputted, the key input portion 80 having a mode 
switch capable of switching the measurement 
mode and a power switch 82. 

Rg. 3 illustrates the shape of the sphyg- 
momanometerometer according to the first embodi- 
ment of the present invention. 

Rg. 4 is a flow chart which illustrates the 
measurement operation performed by the sphyg- 
momanometerometer according to the first embodi- 
ment of the present invention. 

After the power has been turned on. the sphyg- 
momanometerometer is initialized in step S21 in 
which, for example, the cuff pressure Is set to zero. 
In step S22. the pressure application to the cuff 1 
is started. Then, the pressure is raised to a pre- 
determined level (a level higher than the systolic 
blood pressure) In step S23, and the pressure 


reduction is started in step S24. At the time during 
the above-described pressure reduction process, 
the Korotkoff sound supplied from the Korotkoff 
sound measuring portion 10. the cuff pressure and 
5 the height of the oscillating pulse wave supplied 
from the cuff pressure/oscillating pulse wave mea- 
suring portion 20 are stored in the RAM 5i3 in step 
S25 in such a manner that the Korotkoff sound and 
the cuff pressure and the height of the oscillating 

10 pulse wave are made correspond to the time at 
which the measurement is made. In step S26, the 
completion of the data collection, for example, the 
time at which the peak-to-peak values successively 
become lowered than a predetermined threshold 

IS value for five pulses is waited for, the peak-to-peak 
value being obtained from (the maximum value - 
the minimum value), where the maximum and the 
minimum values are those of a signal supplied 
from the Korotkoff sound measuring portion 10 

20 detected at each generation of the pulseis. If the 
above-described condition is satisfied, the data col- 
lection is stopped and the flow advances to step 
S27. 

In step S27, the systolic and diastolic blood 
25 pressures are respectively calculated in accor- 
dance with the Korotkoff sounds. For example, the 
calculation is made in such a manner that the first 
cuff pressure after the Korotkoff sounds ha ve been 
successively generated two times is defined as the 
30 systolic blood pressure and the first cuff pressure 
after the Korotkoff sounds have successively disap- 
peared three times is defined as the diastoFic blood 
pressure. 

In step S28, the systolic blood pressure, the 

35 mean blood pressure and the diastolic blood pres- 
sure are calculated in accordance with the oscillat- 
ing pulse wave. For example, the calculation is 
made in such a manner that the level correspond- 
ing to the time at which the height of the oscillating 

40 pulse wave becomes it maximum value is defined 
as the mean blood pressure, the level cornsspond- 
ing to the time at which the height of the oscillating 
pulse wave exceeds 40% of the maximum height 
of the oscillating pulse wave is defined as the 

45 systolic blood pressure and the level corresponding 
to the time at which the height of the purse wave 
exceeds 70% of the maximum height of the os- 
cillating pulse wave is defined as the diastolic 
blood pressure. 

so In accordance with the value calculated in 

steps S27 and S28. it is. In step S29. det(?rmined 
whether or not the Korotkoff sound had b<jen de- 
tected prior to the time at which tiie mean blood 
pressure has been observed. If the Korotkoff sound 

65 had been detected Immediately after the mean 
blood pressure, the flow advances to step S33 in 
which the value of each of the systolic blood pres- 
sure and the diastolic blood pressure calculated in 
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accordance with the oscillating pulse wave is dis- 
played. In the case where the Korotkoff sound can 
be detected even if the pressure has been lowered 
by a predetermined degree (about 15 mmHg ac- 
cording to this embodiment) after the diastolic 
blood pressure had been recognized in accordance 
with the presence of the Korotkoff sound, the flow 
advances from S29 to S32 via S30 so that the 
value of the systolic blood pressure calculated in 
accordance with the Korotkoff sound and the value 
of the diastolic blood pressure calculated in accor- 
dance with the oscillating pulse wave are dis- 
played. 

The above-described predetermined pressure 
can be calculated from the following equation: 
{(Mean blood pressure - (Systolic blood pressure - 
Mean blood pressure)} 

The average value of the above-described 
blood pressure usually becomes about 15 mmHg 
according to statistical. However, the present inven- 
tion is not limited to the at>ove-described value and 
another value may be selected also in the descrip- 
tion made hereinafter. 

In the case where the Korotkoff sounds dis- 
appear when the pressure does not drop by about 
15 mmHg after the diastolic blood pressure has 
been recognized in accordance with the oscillating 
pulse wave, the flow advances from S29 to S31 via 
S30 so that the values of the systolic and diastolic 
blood pressures calculated in accordance with the 
Korotkoff sound are displayed. In order to notify the 
fact that the value displayed is recognized in accor- 
dance with the Korotkoff sound or the oscillating 
pulse wave, symbol k is displayed in the case of 
the Korotkoff sound while symbol o is displayed in 
the case of the oscillating pulse wave. 

In step S34. the mode of a mode switch 81 is 
detected, the mode being arranged to be selec- 
table between a mode in which the value cal- 
culated in accordance with the Korotkoff sound is 
displayed and a mode in which the value cal- 
culated in accordance with the oscillating pulse 
wave is displayed. If the instructed mode is the 
mode (side K shown in Fig. 3) in which the value 
calculated in accordance with the Korotkoff sound 
is displayed, the flow advances from step S34 to 
S36 via S35 so that the value calculated In accor- 
dance with the Korotkoff sound Is displayed regard- 
less of the above-described condition. In step S38, 
whether or not the display operation has been 
completed (or cleared) is detected. If the operation 
has not been completed, the flow returns to step 
S30 in which the display operation is again per- 
formed. 

According to this embodiment, the result of the 
measurement according to the OSC method Is 
displayed depending upon the result of a deter- 
mination made about *e reli«d3illty of the result of 


the measurement made in accordance with the K- 
sound method. However, another method in which 
the result of the measurement calculated in accor- 
dance with the K-sound method is displayed in the 

5 case where the height of the wave calculated in 
accordance with the OSC method is smaller than 
the predetermined threshold value is, of course, 
included within the scope of the invention. 

According to this method, an electronic sphyg- 

10 momanometer. capable of extremely overcoming 
the problem taken place in that the measurement 
cannot be performed and thereby displaying an 
accurate blood pressure, can be provided. 

In detail, in the case where no K-sound is 

75 detected prior to the time at which the mean blood 
pressure has been calculated in accordance with 
the OSC method, the measurement of the blood 
pressure in accordance with the K-sound method 
cannot be easily performed. A further accurate 

20 measurement of the blood pressure can be per- 
formed by displaying the blood pressure detected 
in accordance with the OSC method with cancelling 
the display of the inaccurate blood pressure ob- 
tained in accordance with the K-sound method. 

25 Furthermore, the necessity of again performing the 
measurement of the blood pressure can be elimi- 
nated. The phenomenon, in which K-sounds are 
detected even after the blood pressure has been 
dropped by about 15 mmHg after the diastolic 

30 blood pressure had been confimfied in accordance 
with the OCS method, is frequently observed from 
the measurement of a person in an exasperation 
state, a person showing extremely strong pulses or 
a person taking dialysis treatment and showing 

35 large artery shunt sounds. In this case, the diastolic 
blood pressure calculated In accordance with the 
OSC method is approximated to the natural blood 
pressure. Therefore, a further accurate measure- 
ment of the blood pressure can be performed by 

40 displaying the diastolic blood pressure calculated 
in accordance with the OSC method. 

In usual, the blood pressure levels, which are 
respectively measured in accordance with the K- 
sound method and the OSC method, do no co- 

45 incide with each other since they are arranged to 
measure the blood pressure level in different ways. 
Since the method, the OSC method or the K-sound 
method, which has been employed to detect the 
blood pressure level, is displayed, and the systolic 

50 blood pressure and the diastolic blood pressure 
detected in accordance with each of the K-sound 
method and the OSC method are displayed in 
response to an external command, the blood pres- 
sure level measuring method suitable for each p©r- 

55 son can be employed. 


<Second Embodlment> 
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Rg. 5 is a block diagram which illustrates an 
essential portion of a second embodiment of the 
electronic sphygmomanometer according to the 
present invention. 

Fig. 7 illustrates output signals corresponding 
to the respective blocks. 

Reference numeral 90 represents output data 
from the pressure detection portion 20 and refer- 
ence numeral 93 represents output data from the 
Korotkoff sound detection portion 10. 

The control unit 50 recognizes the systolic 
blood pressure and the diastolic blood pressure 
denoted by output data 93 supplied from the Korot- 
koff sound detection portion 10 in accordance with 
a thresh level 92 processed in a gate 91 in accor- 
dance with the output data 90 supplied from the 
pressure detection portion 20. The above-de- 
scribed control portion 50 comprises the CPU 51 
for calculating data and controlling the system, the 
ROM 52 for storing the control program for the 
CPU 51. the RAM 53 serving as sub-storage 
means and acting to store supplied data and I/O 
interfaces 54 and 55. The CPU 51 has flags Si. Ss, 
Di and Da (51a to 51 d). while the RAM 53 has 
SYSi for storing the maximum systolic blood pres- 
sure calculated in accordance with the oscillating 
pulse wave gate, DIAi for storing the diastolic 
blood pressure, SYS2 for storing the systolic blood 
pressure in . accordance with the time width and 
calculated in accordance with the previous Korot- 
koff sound and DIA2 for storing the diastolic blood 
pressure (53a to 53d). Reference numeral 70 repre- 
sents the display and 80 represents the key input 
portion through which an instruction of an operator 
is inputted, the key input portion 80 having a power 
source switch 52 and the like. 

In response to the pressure signal 90 supplied 
from the pressure sensor 21 and converted into a 
digital value by the AID converting portion 33. a 
gate 91 acting to have the Korotkoff sound recog- 
nized by an operator is processed by using a 
minimal point 90a and and next point 90b of the 
same level. In the thus processed gate 91 . a com- 
parison between the digital signal supplied from the 
microphone 2 via the A/D conversion portion 15 
and a predetermined threshold level 92 is made so 
that the Korotkoff sound is extracted. On the other 
hand, noise is extracted as a result of a compari- 
son made with the predetermined threshold level 
92. Then, the level (the peak and the bottom) of the 
Korotkoff sound Is measured in response to the 
digital signal supplied from the Korotkoff sound 
detection portion 10. As a result, a recognition that 
there is a Korotkoff signal is made in the case 
where the level thus obtained exceeds a certain 
level and simultaneously the oscillation In cuff pres- 
sure, which is overlapping the digital signal sup- 
plied from the pressure detection portion and is 


recognized, has entered the gate. 

On the other hand, the cuff pressure^ level at 
the timing of the Korotkoff sound which has been 
first detected after, for example, two Korotkoff 

5 sounds have been successively detected is recog- 
nized as the systolic blood pressure. Simultaneous- 
ly with the above-described operation for recogniz- 
ing the systolic blood pressure, the Korotkoff sound 
recognition operation is performed in which the 

TO following conditions are the recognition conditions 
of the systolic blood pressure: the level of the 
digital signal supplied from the Korotkoff sound 
detection portion has exceeded a certain threshold 
value and each of the intervals of, for example, 

16 three pulses of the signal is ranged in 0.35 to 2 
seconds. 

In the case where the systolic blood pressure 
Is recognized since the above-describeo former 
conditions have met, if the cuff pressure level at 

20 the timing of the systolic blood pressure has 
dropped by 30 mmHg or more from the st£.rt of the 
pressure reduction and simultaneously the oscilla- 
tion in cuff pressure at the timing of the systolic 
blood pressure is positioned at the position cor- 

25 responding to three pulses or more from 1Jie time 
at which the oscillation in cuff pressure has been 
first recognized, the data obtained in accordance 
with the latter method is deleted to efficiently use 
the work area. Furthermore, the recognition in ac- 

30 cordance with the Korotkoff sound is continued by 
using the gate processed in accordance with the 
oscillation in cuff pressure. As a result. \he cuff 
pressure level, at the timing of the Korotkoff sound 
which is the latter Korotkoff sound recognizesd when 

35 two pulses of the Korotkoff sounds are succes- 
sively recognized, is defined as the diastolic blood 
pressure. 

When the systolic blood pressure is recog- 
nized, if the level of the cuff pressure, at the timing 

40 of the systolic blood pressure, has dropped by 30 
mmHg or more from the start of the pressure 
reduction and as well the oscillation in cuff pres- 
sure is positioned within two pulses from the first 
detection of the oscillation in cuff pressure, it is 

45 determined that the level of the oscillating pulse 
wave is too low to rely on. Therefore, the operation 
of detecting the Korotkoff sound by using the os- 
cillation in cuff pressure at the gate is stopped. In 
addition, the above-described detection operation 

50 in which only the Korotkoff sound is used is contin- 
ued. In this case, an operation of retrieving the 
systolic blood pressure retroactive to the Korotkoff 
sounds which have been previously deteiDted is 
performed so that the cuff pressure at tlie first 

55 timing when two pulses are successively d(5tected 
is defined as the systolic blood pressure. However, 
if the pressure level at that timing has not dropped 
by 30 mmHg or more from the start of the reduc- 
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tion of the cuff pressure, the measurement of the 
systolic blood pressure is not performed but a 
notification as "pressure level insufficient" is made 
and only the recognition of the diastolic blood 
pressure Is performed. In the case where no Korot- 
koff sound has been recognized for four seconds in 
the recognition operation of the Korotkoff sound 
performed continuously, the cuff pressure level at 
the timing of the final pulse is defined as the 
diastolic blood pressure. 

In the case where no pulse wave has been 
recognized and the cuff pressure level has lowered 
to 30 mmHg or less, the blood pressure level is, of 
course, measured by the recognition method In 
accordance with only the Korotkoff sound. 

The conditions for the gate in the case where 
the oscillating pulse wave gate is not used are set 
as follows. In the case where the continuity of the 
Korotkoff sounds is observed by using a sphyg- 
momanometerometer for adults, a gate of an inter- 
val of the number of pulses (30 pulses/minutes to 
200 pulses/minute), which are considered to be the 
ordinary number of pulses, that is, a gate of 0.35 
seconds to 2 seconds from the previous Korotkoff 
sound is opened in accordance with the pulse 
which has been detected previously. Thus, the 
Korotkoff sound is detected in the gate thus 
opened. In the case where no Korottcoff sound is 
detected for four seconds which is twice two sec- 
onds corresponding to 30 pulses/minute from the 
Korotkoff sound recognized finally, it is determined 
as ttie "Fifth Point of Swan" (the KonDtkoff sound 
disappearance sound). As a result, the cuff pres- 
sure level at that time is recognized as the diastolic 
blood pressure. 

Rgs. 8A to ac are flow charts which respec- 
tively illustrate the operation performed by the 
sphygmomanometerometer according to this em- 
bodiment 

In step S131, the sphygmomanometerometer is 
initialized after the power supply has been started, 
for example. Flags Si. S2. Di and D2 are set to 
"0". In step S132. the pressure application is start- 
ed, and the flow advances to step Si 33 in which 
the pressure rise up to a predetermined level is 
waited for. Then, the pressure reduction is started 
in step S134. In step SI 36, both the recognition of 
the Korotkoff sound in accordance with the oscillat- 
ing pulse wave gate and the recognition of the 
same in accordance with the time width are per- 
formed as the pressure drops until a determination 
of flag Si or flag Sz as "1" In step Si 37. The 
operations performed in steps 8135 and SI 36 will 
be described later with reference to Figs. 8B and 
8C. 

At the time when flag Si or 82 becomes "1 ", 
that Is, when the systolic blood pressure has been 
found, the flow advances from SI 37 to step SI 38 


in which whether or not the pressure has dropped 
by 30 mmHg or more from the start of the pressure 
reduction is determined. If the pressure has not 
been dropped by the above-described degree, the 

5 flow advances to step Si 39 in which SYSi and 
SYS2 are respectively set to "0" as a detenmination 
made as "pressure insufficient". If the pressure has 
been dropped by 30 mmHg or more, the flow 
advances to step 8140 in which a determination is 

10 made whether or not there have been three pulses 
or more of the oscillation in cuff pressure until the 
systolic blood pressure is detected. If there have 
been three pulses or more, the flow advances to 
step S141 in which the recognition of the Korotkoff 

75 sound in accordance with the oscillating pulse 
wave gate is continued until flag Di becomes "1" 
in step 8142, that is, the recognition of the diastolic 
blood pressure is waited for. Then, in step 8143, 
the contents of SYSi and DIA1 are displayed as 

20 the systolic blood pressure and the diastolic blood 
pressure. 

If there have not three pulses of the oscillation 
in cuff pressure 

until the detection of the systolic blood pressure, 

25 the flow advances from step Si 40 to step SI 44 in 
which the recognition of the Korotkoff sound in 
accordance with the oscillating pulse wave gate is 
stopped, but that in accordance with the time width 
is performed. In step SI 45, it is waited that flag D2 

30 has became "1". that is, the recognition of the 
diastolic blood pressure is waited for. Then, in step 
8146. the contents of SYS2 and DIA2 are displayed 
as the systolic blood pressure and the diastolic 
blood pressure, respectively. 

35 Then, a routine of recognizing the Korotkoff 

sound in accordance with the oscillating pulse 
wave gate performed in steps S135 and S141 will 
be described with reference to Fig. 8B. 

In step SI 51, whether or not flag SI or S2 is 

40 "1". that is, whether or not the systolic blood 
pressure has been recognized, is determined. If it 
has not become "1", the flow advances to Si 52 in 
which it is determined whether or not two pulses of 
the Korotkoff sounds have been successively rec- 

45 ognized. If it has been recognized, the flow ad- 
vances to step Si 53 in which the present cuff 
pressure is stored in SYSi. Then, in step S154, 
flag Si is set to "1 " and the flow returns. It it has 
not been determined, the flow returns from step 

so SI 52. If either of the flags has become "1", the 
flow advances to step SI 55 in which whether or not 
the Korotkoff sounds are successively recognized 
is determined. If there are no successive Korotkoff 
sounds, the flow advances to step SI 56 in which 

65 the diastolic blood pressure is stored in DIA1 be- 
fore the flow advances to step S157. In step SI 57, 
flag Di is set to "1" and the ftow returns. If the 
above-descrit>ed conditions are not met. Vne flow 
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returns from step SI 55. 

Fig. 8C illustrates a routine for recognizing the 
Korotkoff sound in accordance with the time width 
performed in steps SI 36 and SI 44. According to 
this routine, the recognition of the Korotkoff sound 
is performed in a width range from 0.35 to 2 
seconds from the previous recognition of the Korot- 
koff sound. Furthermore, the diastolic blood pres- 
sure is stored in SYS2, while the diastolic blood 
pressure is stored in DIA2. In addition, flags S2 and 
D2 are set. Since the flow chart for this routine is 
arranged to be similar to that shown in Rg. SB, it is 
not described in detail here. 

Rg. 6 illustrates an example of the display 
realized by the sphygmomanometerometer accord- 
ing to this embodiment. According to this embodi- 
ment, the case in which the recognition in accor- 
dance with only the Korotkoff sound is performed is 
displayed with symbol k in order to be distin- 
guished from the case in which the recognition is 
made in accordance with the oscillating pulse wave 
gate. 

The following operation for recognizing the 
blood pressure level in accordance with the oscii- 
iometric method by using the detected oscillation 
in cuff pressure may simultaneously be performed: 
the pressure level at the point at which the value 
becomes 50% or less of the maximum value is 
defined as the systolic blood pressure in accor- 
dance with the oscillometric method, the point be- 
ing detected by a retrieval made from the point at 
which the level of the detected oscillation in cuff 
pressure becomes the maximum level toward the 
systolic blood pressure. On the contrary, in the 
retrieval made from the point of the maximum 
value toward the diastolic blood pressure, the cuff 
pressure level at the point at which the level first 
becomes 70% or less of the maximum value is 
defined as the diastolic blood pressure in accor- 
dance with the oscillometric method. The reason 
for simultaneously using the oscillometric method 
lies in that there arises a necessity for the diastolic 
pressure of a patient who is being subjected to an 
artificial dialysis to be recognized in accordance 
with the oscillometric method because of the fol- 
lowing reason: the diastolic blood pressure cannot 
be recognized in accordance with the Korotkoff 
method because the Korotkoff sound is detected to 
the level below the diastolic blood pressure since 
blood flow noise Is generated in the portion of the 
above-described patient who is subjected to the 
artery shunt and the blood flow noise overlaps the 
frequency band. Furthermore, also the Korotkoff 
sound is sometimes generated to the level below 
the diastolic blood pressure 

in accordance with the individual difference, due to 
exasperation, or in the exasperated state, causing 
the necessity of performing the oscillometric meth- 


od to be employed to recognize the blood pres- 
sure. 

A sphygmomanometerometer arranged to em- 
ploy both the Korotkoff method and the oscil- 
s lometric method may be structured in suc;h a man- 
ner that the measurement in accordance' with the 
oscillometric method is cancelled under the above- 
described condition and only the result of the mea- 
surement made in accordance with the Korotkoff 
10 method is displayed, causing the similar effect to 
that obtainable in accordance with this embodiment 
to be obtained. 

As described above, in the case where the 
level of the oscillation in cuff pressure ht too low 
75 due to the individual difference in which the K- 
sound is recognized although the pulse level is 
very low, to a case in which the cuff is wound 
relatively loosely or to a case in which a relatively 
large cuff is wound to the thin arm, an error can be 

20 prevented in the operation for recogni;zing the 
Korotkoff sound by using the oscillating pulse wave 
gate, which is arranged to act depending upon the 
synchronism with the oscillation in cuff pressure 
used for discriminating the noise in the Korotkoff 

25 method. Furthermore, an erroneous recognition can 
be prevented which may be taken placo in the 
oscillometric method employed in the sphyg- 
momanometerometer arranged to act depending 
upon both the Korotkoff method and the oscil- 

30 lometric method. 

Furthermore, a structure may be employed in 
which another Korotkoff sound recognition method, 
arranged in such a manner that the measurement 
is made In accordance with only the l<:orotkoff 

35 sound prior to the recognition of the systolic blood 
pressure, is as well provided. As a result, the 
above-described structure can be easily realized. 
Therefore, a determination whether or not the level 
of the oscillating pulse wave is small can be easily 

40 and accurately made. 

In addition, the blood pressure level can be 
easily and accurately performed in accordance with 
only the Korotkoff sound without an influem^e from 
respiration and sole arhythmia in such a manner 

45 that the influence of noise can be relatively sat- 
isfactorily eliminated. 

According to this embodiment, an electronic 
sphygmomanometer can be constituted which is 
capable of accurately detemnining the fact iJiat the 

50 oscillation in cuff pressure is small and overcoming 
the error taken place due to the above-described 
fact that the oscillation in cuff pressure is small. 

In addition, an electronic sphygmomanometer 
can be constituted which is capable of accurately 

55 determining the fact that the oscillation in cuff 
pressure is small, overcoming the error taken place 
due to the above-described fact that the oscJIIation 
in cuff pressure Is small and preventing the error 

10 
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taken place in the measurement of the diastolic 
blood pressure due to a slight and sole arhythmia 
and respiration. 


<Third Embodiment> 

Fig. 9 is a block diagram which illustrates an 
essential portion of a third embodiment of an elec- 
tronic sphygmomanometer according to the 
present invention. 

The structure of the electronic sphygmoma- 
nometer according to this embodiment is arranged 
to be similar to that according to the first and the 
second embodiments except for the structure in 
which the RAM 53 has a oscillating pulse wave 
storage portion 53a for storing the maximum height 
of the oscillating pulse wave and at least five 
oscillating pulse waves in the vicinity of the genera- 
tion and the disappearance points of the Korotkoff 
sound, the maximum height and the five pulses 
being allowed to coincide with the cuff. Therefore, 
the same portions are omitted from illustration. 


<Example of Measurement at Reduced Pressure> 

The generation and disappearance points of 
the Korotkoff sound are successively measured by 
the electronic sphygmomanometer having the os- 
cillating pulse wave detection portion 30. The 
above-described electronic sphygmomanometer 
has a function of defining the cuff pressure level at 
the generation point as the systolic blood pressure 
or defining the cuff pressure level at the disappear- 
ance point as the diastolic blood pressure. Further- 
more, the above-described electronic sphygmoma- 
nometer has a function of defining the cuff pres- 
sure at the generation point as the diastolic blood 
pressure or defining the cuff pressure at the dis- 
appearance point as the systolic blood pressure. In 
addition, the above-described electronic sphygmo- 
manometer has a function of storing the level of 
each of five oscillating pulse waves in the vicinity 
of the generation and disappearance points of the 
Korotkoff sound and the maximum level of the 
oscillating pulse wave. The thus-arranged electron- 
ic sphygmomanometer is arranged in such a man- 
ner that the validity of the systolic blood pressure 
and the diastolic blood pressure points recognized 
in accordance with the following flow and the Korot- 
koff method is confirmed. 

Fig. 10 illustrates the principle of the measure- 
ment of the electronic sphygmomsmometer accord- 
ing to the present invention and arranged to mea- 
sure the blood pressure level when the pressure is 
t>eing reduced. 

The first point of the Korotkoff sounds which 


have been successively generated due to the pres- 
sure reduction after the application of pressure is 
defined as the systolic blood pressure. The dif- 
ference in the height of the oscillating pulse waves 

5 in the vicinity of the first point are successively 
arranged to be ASu, AS12, AS13 and AS14. In 
accordance with the height of the wave at the 
systolic blood pressure and the above-described 
difference values, the validity of the systolic blood 

10 pressure point is confirmed. 

The first point when the Korotkoff sound dis- 
appears successively is arranged to be the systolic 
blood pressure. The differences in the heights of 
the five oscillating pulse waves in the vicinity of the 

75 above-described point are successively arranged to 
be ADi, AD2, AD3 and AD4. The validity of the 
diastolic blood pressure is confirmed in accordance 
with the height of the wave at the systolic blood 
pressure and the above-described difference val- 

20 ues. 

The operation of the electronic sphygmoma- 
nometer according to this embodiment will be de- 
scribed in detail with reference to flow charts 
shown in Rgs. 1 1 to 1 3. 
25 Fig. 11 illustrates the main flow of the elec- 

tronic sphygmomanometer according to this em- 
bodiment. 

In step S21 1 , the initialization of the electronic 
sphygmomanometer is performed in which the 

30 pressure is set to zero or the like. In step S212, the 
pressure application is started, and in step S213, it 
is confirmed that whether or not the pressure has 
been raised to a predetermined pressure higher 
than the systolic blood pressure. If the pressure 

3S has been raised to the predetermined pressure, the 
confirmation is stopped and the flow advances to 
step S214 in which the pressure reduction is start- 
ed. Simultaneously with the start of the pressure 
reduction, the oscillating pulse wave commences to 

40 be stored in the oscillating pulse wave storage 
portion 53a in step S215. In step S216, the timing 
at which the Korotkoff sounds are successively 
generated is found, and the thus found point is 
stored as the systolic blood pressure. 

45 In step S218, whether or not the subject os- 

cillating pulse wave is the maximum value of the 
oscillating pulse wave is confirmed. In step S219, 
the maximum wave height M is stored, and the 
validity is confirmed in accordance with the height 

50 of the wave at the systolic blood pressure point 
and the differences in the height of the waves in 
the vicinity of the systolic blood pressure. 

Figs. 12A and 12B are flow charts which illus- 
trate two examples for checking the systolic blood 

55 pressure performed in step 8220. 

In step S231. it is confirmed that whether or 
not tiie height of the oscillating pulse wave at the 
systolic blood pressure point is A% (for example, 
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30%) or more of the maximum wave height stored 
in step S219. If it is not A% or more, the validity of 
the systolic blood pressure thus measured is suspi- 
cious. Therefore, the flow advances to step S234 in 
which the systolic blood pressure is displayed in a 
flash manner. If it is A% or more, the flow ad- 
vances to step S232 in which it is determined 
whether or not difference AS 12 or AS 13 is larger 
than the product of the maximum value M and 
predetermined value B {for example, B = 0.1, 0 < 
B < 1). If it is smaller than the above-described 
product, the flow advances to step S234 in which 
the systolic blood pressure is displayed in the flash 
manner. If the wave height is A% or more of the 
maximum value M and as well difference ASiz or 
ASi3 is larger than the product of the maximum 
value M and predetermined value B, it is deter- 
mined that the measured systolic blood pressure is 
valid and the flow advances to step S233 in which 
the systolic blood pressure is displayed in a normal 
manner. 

According to the flow chart shown in Rg. 12B, 
the checking operation performed in step S232 
shown in Fig. 1 2A is replaced by a checking opera- 
tion shown in step 8236. In step S236, the follow- 
ing relationships are held: 

a^ = AS11/AS12 
^1 = AS12/AS13 
•yi = ASia/ASi4. 

Referring back to Rg. 11, the flow advances to 
step S221 in which the disappearance of the Korot- 
koff sounds is checked successively and the time 
at which the Korotkoff sound has disappeared is 
stored as the diastolic blood pressure point in step 
S222. Then, th6 validity of the thus stored diastolic 
blood pressure is checked in step 8223. 

Rgs. 13A and 13B illustrate two example of the 
checWng operation of the diastolic blood pressure 
perfomned in step S223. 

In step S241 , it is confirmed whether or not the 
wave height of the oscillating pulse wave at the 
diastolic blood pressure point is C% (for example, 
40%) or more of the maximum wave height M 
stored in step S219. If it is not C% or more, it is 
determined that the validity of the diastolic blood 
pressure is suspicious and the flow advances to 
step 8244 in which the diastolic blood pressure is 
displayed in the flash manner. If it is larger than 
C%, the flow advances to step 8242 in which it is 
determined whether or not difference value AD2 or 
AD3 is larger than the product of the maximum 
value M and the predetermined value D (for exam- 
ple, D = 0.1. 0 < D < 1). If it is larger than the 
above-described product, the flow advances to step 
S244 In which the diastolic blood pressure is dis- 
played in the flash manner. In only the case where 
the wave height is larger than C% of the maximum 
value M and as well difference value AD2 or AD3 is 


larger than the product of the maximum value M 
and the predetermined value D, the flow advances 
to step S243 in which the diastolic blood pressure 
is displayed in a normal manner. 
5 Rg. 13B illustrates a flow arranged by replac- 

ing step S242 shown in Rg. 13A by step £)246. 

According to step 8246, the followingi relation- 
ships are held: 
02 = AD2/AD1 

10 fiz - AD3/AD2 
72 = AD4/AD3 


<Example of Measurement at Pressure 
js AppIication/Reduction> 

An electronic sphygmomanometer, arranged to 
measure the systolic and diastolic blood pressures 
at the time of the pressure application and to again 

20 measure the diastolic blood pressure at the time of 
the pressure reduction in accordance with the 
Korotkoff method, acts in accordance with the fol- 
lowing flow arranged in such a manner: the dia- 
stolic blood pressure measured at the pressure 

25 application and the diastolic blood pressunsd mea- 
sured at the pressure reduction are subjected to a 
comparison. Then, if the difference between the 
above-described two diastolic biood pressuires is a 
score of mmHg or less, it is measured at a pres- 

30 sure reduction rate smaller than the rate^ of the 
pressure application since the blood pjressure 
change is usually a score of mmHg for the body of 
a person who is keeping quiet. Therefore, the dia- 
stolic blood pressure at the time of the pressure 

35 reduction is displayed since it is further probable. 
In the case where the difference is larger than a 
score of mmHg, the diastolic blood pressure is 
similariy checked, and then the diastolic; blood 
pressure which is more valid is displayed. If it has 

40 been determined that both of them have the valid- 
ity, the diastolic blood pressure level at the time of 
the pressure reduction is displayed as the diastolic 
blood pressure t)ecause of the above-described 
reason. 

45 The oscillating pulse wave placed prior to the 

generation point due to the Korotkoff sound by one 
pulse is experientially known to be relatively stable. 
Therefore, it is confirmed whether or not the rate of 
the above-described oscillating pulse wave and the 

50 maximum value of the oscillating pulse wave is in a 
certain range so that the validity of the diastolic 
blood pressure at the time of the pressure applica- 
tion is confirmed. 

Rg. 14 illustrates the principle of a moasure- 

55 ment capable of reliably measuring the blood pres- 
sure by measuring the blood pressure at ttie time 
of the pressure reduction and the pressure applica- 
tion. 
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First, the generation of the Korotkoff sound is 
arranged to be the diastolic blood pressure point at 
the time of the pressure application, while the dis- 
appearance of the Korotkoff sound is arranged to 
be the systolic blood pressure point. Furthermore, 
the disappearance of the Korotkoff sound at the 
time of the pressure reduction is arranged to be 
the diastolic blood pressure point at the time of the 
pressure reduction. Furthermore, five oscillating 
pulse waves in the vicinity of each of the above- 
described p)oints are stored so as to check the 
validity of the blood pressure level in accordance 
with the wave height at each of the points, the 
presence of the oscillating pulse wave prior to each 
of the points or the differences in the heights of the 
osdliating pulse waves. As for the diastolic blood 
pressure, a further accurate measurement can be 
performed at the time of the pressure reduction in 
accordance with the diastolic blood pressure at the 
time of the pressure application. In addition, the 
fear taken place in that the measurement of the 
diastolic blood pressure cannot be performed is 
overcome by performing the measurement oper- 
ations two times. 

Figs. 15 to 17 are flow charts which illustrate 
yie operation of the electronic sphygmomanometer 
according to this embodiment. 

Rg. 15 illustrates the main routine. 

Rrst, in step S251, the Initialization, for exam- 
ple, the zero setting of the pressure level, of the 
electronic sphygmomanometer according to this 
embodiment is performed, tn steps S252 and 
S253, the pressure is rapidly raised up to 20 
mmHg. When the pressure has been raised to 20 
mmHg. the pressure application is switched to a 
medium application mode in S254 and the flow 
advances to step S255 in which the oscillating 
puise wave is. corresponding to the cuff pressure, 
stored in the oscillating pulse wave storage portion 
53a. 

In step S256, the generation of the successive 
Korotkoff sounds is confirmed. If it has been gen- 
erated, the flow advances to step S257 in which 
the first point is stored as the diastolic blood pres- 
sure at the time of the pressure application. In step 

5258. the maximum value M of the oscillating 
pulse wave is detected, and the maximum value M 
and the mean blood pressure are stored in step 

5259. After the maximum value M of the oscillating 
pulse wave has been generated, the flow advances 
to step S260 in which the pressure application is 
switched to a low application rate. Then, in step 
S261 , the disappearance of the Korotkoff sound Is 
checked, and the disappearance point is arranged 
to be the systolic blood pressure point in step 
S269. Then, in step S263, the systolic blood pres- 
sure Is confirmed. 

Rg. 16 is a flow chart for checking the systolic 


blood pressure performed in step S263. 

In step S271. it is confirmed that whether or 
not the height of the oscillating pulse wave at the 
systolic blood pressure point is A% or more of the 

s maximum wave height stored in step S259. If it is 
not A% or more, the validity of the systolic blood 
pressure thus measured is suspicious. Therefore, 
the flow advances to step S274 in which the 
systolic blood pressure is displayed in a flash 

10 manner. If it is A% or more, the flow advances to 
step S272 in which the checking is performed in 
accordance with the differences in the adjacent five 
oscillating pulse waves. If it is not within the pre- 
determined range, the flow advances to step S274 

J5 in which the systolic blood pressure is displayed in 
the flash manner. 

In step S272, the following relationships are 
held: 

era = AS22/AS21 

so 03 = AS23/AS22 
ya — AS2+/AS23 

If it is A% or more and in the predetermined 
range, the systolic blood pressure Is displayed in a 
normal manner in step S273. 

25 Then, the flow returns to step S264 shown in 

Rg. 15, and the pressure is rapidly reduced to a 
level higher than the mean blood pressure stored 
in step S259 by a level ao (for example, 20 mmHg) 
in steps S264 and S265, When the pressure has 

30 been reduced to (Mean blood pressure + ao), the 
flow advances to step S266 in which the pressure 
reduction rate is switched to the constant low rate 
before the flow advances to step S267 in which the 
disappearance of the Korotkoff sound is checked. 

35 tn step S268. the disappearance point is arranged 
to be the diastolic blood pressure point at the time 
of the pressure reduction, and its validity is. to- 
gether with the diastolic blood pressure point at the 
time of the pressure application stored in step 

40 S257, checked in step S269. 

Rg, 17 is a flow chart which illustrates the flow 
of the checking operation of the diastolic blood 
pressure performed in step S269. 

In step S261, the difference between the dia- 

45 stolic blood pressure at the time of the pressure 
application and the diastolic blood pressure et the 
time of the pressure reduction is calculated and it 
is checked whether or not the difference is smaller 
than several mmHg. If it is smaller than several 

50 mmHg, the diastolic blood pressure at the time of 
the pressure reduction is displayed since it is more 
accurate value. If the difference between the pres- 
sure level between the pressure application and the 
pressure reduction is a large level, the flow ad- 

65 vances to step S282 in which whether or not there 
is the result of the measurement of the diastolic 
blood pressure at the time of the pressure reduc- 
tion is checked. If It Is present, the flow advances 
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to steps S283 and S284 in which the validity ol the 
diastolic blood pressure at the time of the pressure 
reduction is checked. If it is detemnined that it is 
valid, the flow advances to step S295 In which the 
diastolic blood pressure at the time of the pressure 
reduction is displayed. 

In step S284. the following relationships are 
held: 

04 = ADD2/ADD1 

;84 = ADD3/ADD2 

-y4 = ADD4/ADD3 

If there is not diastolic blood pressure at the 
time of the pressure reduction or if it is not valid, 
the flow advances to step S285 in which it is 
determined whether or not there is the diastolic 
blood pressure at the time of the pressure applica- 
tion. If It is not present, the flow advances to step 
S286 in which the presence of the diastolic blood 
pressure is again checked. If it is not present, there 
is no diastolic blood pressure, causing the flow to 
be brought to step S294. In step S294, the fact that 
the measurement of the diastolic blood pressure 
cannot be performed is displayed. If there is the 
diastolic blood pressure at the time of the pressure 
reduction, the flow advances to step S293 in which 
a fact that the validity of the diastolic blood pres- 
sure at the time of the pressure reduction is suspi- 
cious is displayed by the flash manner. 

If there is the diastolic blood pressure at the 
time of the pressure application, the validity of it is 
checked in steps S287, S288 and S290. 

In step S287. the following relationships are 
held: 

OS = AUD1/AUD2 

es = AUD2/AUD3 
75 = AUD3/AUD4 

In the case where it is in the range shown in 
step S287 and in the case where the oscillating 
pulse wave which is previous by one pulse is 
present and its height is within the predetermined 
range, the flow advances to step S291 in which the 
diastolic blood pressure at the time of the pressure 
application is displayed as a valid value. If there is 
no oscillating pulse wave prior by one pulse, the 
flow advances to step S289 in which whether or not 
there is the diastolic blood pressure at the time of 
the pressure reduction is determined. It it is 
present, the flow advances to step S293 in which it 
is displayed in the flash manner. If it is not present, 
the flow advances to step S292 in which the dia- 
stolic blood pressure at the time of the pressure 
application is displayed in the flash manner. Even if 
the oscillating pulse wave prior by one pulse is 
present, the diastolic blood pressure at tiie time of 
the pressure application is displayed in the flash 
manner if it is not included in the predetermined 
range (larger than E and as well smaller tiian F)- 

According to this embodiment, a reliable elec- 


tronic sphygmomanometer can be provided since 
an accurate checking Is performed. 

Furthermore, since the blood pressure levels at 
the time of the pressure application and the pres- 
5 sure reduction are obtained, a reliable electronic 
sphygmomanometer can be provided since an ac- 
curate checking is performed. 

That is, if there arises the error in the measure- 
ment operation due to the noise caused from the 

10 friction with the rubber tube or the clothes, the re- 
measurement can be caused to be p'^rformed. 
Therefore, the recognition of the erroneous result 
by the operator can be assuredly prevented. 

Although the invention has been described in 

15 its preferred form with a certain degree of particu- 
larity, it is to be understood that the preseint disclo- 
sure of the preferred form has been changed in the 
details of construction and the combination and 
arrangement of parts may be resorted to without 

20 departing from the spirit and the scope of the 
invention as hereinafter claimed. 


Claims 

25 

1 . An electronic sphygmomanometer comprising: 
first blood pressure measuring means for measur- 
ing the blood pressure at the time of reducing a 
cuff pressure in accordance with a generation or a 

30 disappearance of Korotkoff sound; 

second blood pressure measuring means for mea- 
suring the blood pressure at said time of reducing 
said cuff pressure in accordance with a oscillating 
pulse wave signal of said cuff; and 

35 blood pressure selection means for selecting and 
displaying the result of said measurem<5nt per- 
formed by said first blood pressure measuring 
means and said second blood pressure measuring 
means corresponding to the relationships between 

40 the timing at which said Korotkoff sound is gen- 
erated, the timing at which the same disappears 
and the timing at which said blood pressure is 
detected in accordance with said oscillating pulse 
wave. 

45 2. An electronic sphygmomanometer accoi'ding to 
Claim 1. wherein, in the case where no K;orotkoff 
sound has been detected by said first blocd pres- 
sure measuring means not later than the distection 
of a mean blood pressure by said seconcJ blood 

so pressure measuring means, said blood pressure 
selection means selects the systolic blood pressure 
and the diastolic blood pressure measured by said 
second blood pressure measuring means, vrhile, in 
the case where said Korotkoff sound hai5 been 

55 detected not later than said mean blood pressure is 
detected, said blood pressure selection mejans se- 
lects the systolic blood pressure measured by said 
first blood pressure measuring means. 
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3. An electronic sphygmomanonneter according to 
Claim 1 . wherein, in the case where said Korotl<off 
sound has been detected at a pressure level of 
(mean blood pressure -(systolic blood pressure - 
mean blood pressure)) or less, said blood pressure 
selection means selects said diastolic blood pres- 
sure measured by said second blood pressure 
measuring means, while, in the case where snid 
Korotkoff sound disappears at said pressure level 
of {mean blood pressure - (systolic blood pressure 
- mean blood pressure)} or more, said diastolic 
blood pressure measured by said first blood pres- 
sure measuring means is selected. 

4. An electronic sphygmomanometer according to 
Claim 1, wherein, in the case where said Korotkoff 
sound has been detected after the pressure level 
had been reduced by about 15 mmHg after rec- 
ognition of said diastolic blood pressure by said 
second blood pressure measuring means, said 
blood pressure selection means selects said dia- 
stolic blood pressure measured by said second 
blood pressure measuring means, while, in the 
case where said Korotkoff sound disappears not 
later than the reduction of said pressure by about 
15 mmHg, said diastolic blood pressure measured 
by said first blood pressure measuring means is 
selected. 

5.. An electronic sphygmomanometer according to 
Claims 1 to 4 further comprising display means or 
instruction means for displaying or instructing the 
result of said measurement performed by said first 
blood pressure measuring means of the result of 
said measurement performed by said second blood 
pressure measuring means. 

6. An electronic sphygmomanometer acting in ac- 
cordance with both a Korotkoff method in which 
blood pressure is measured in accordance with a 
generation or a disappearance of Korotkoff sound 
by pressing a portion of a living body and an 
oscillometric method in which the blood pressure is 
measured in accordance with the change in the 
level of oscillation in cuff pressure ovedapping the 
pressure of said cuff and due to the time phase, 
said electronic sphygmomanometer comprising: 
oscillation in cuff pressure measurement stopping 
means for stopping said measurement of said os- 
cillation in cuff pressure In accordance with a de- 
tection of said oscillation in cuff pressure not later 
than the recognition of the systolic blood pressure 
or the diastolic blood pressure obtained in accor- 
dance with said Korotkoff method. 

7. An electronic sphygmomanometer according to 
Claim 6, wherein said oscillation in cuff pressure 
measurement stopping means stops said measure- 
ment of said oscillation in cuff pressure in the case 
where said oscillation in cuff pressure correspond- 
ing to said Korotkoff sound which has been first 
detected is less than a predetemrrined number of 


pulses. 

8. An electronic Sphygmoman comprising: 

time zone detennining means for determining the 
time width in which Korotkoff sound is recognized 

5 in accordance with oscillation in cuff pressure at 
the time of a pressure of a cuff is reduced; 
blood pressure recognizing means for recognizing 
a predetermined blood pressure in accordance with 
the generation of said Korotkoff sound in said time 

10 zone determined by said time width determining 
means; and 

time zone determination stopping means for stop- 
ping said determination of said time zone per- 
formed by said time zone determining means in 
75 accordance with a detection of said cuff pulse no 
later than the time at which the systolic blood 
pressure is recognized. 

9. An electronic sphygmomanometer according to 
Claim 8. wherein said time zone determination 

20 stopping means stops said determination of said 
time zone in the case where oscillation in cuff 
pressure corresponding to said Korotkoff sound 
which has been first detected is less than a pre- 
determined number of pulses from the time at 

25 which the same has been first detected. 

10. An electronic sphygmomanometer according to 
Claim 8 further comprising second time zone deter- 
mining means for determining the time zone in 
which next Korotkoff sound in a predetermined 

30 time width is recognized at every recognition of 
said Korotkoff sound, wherein, in the case where 
said determination of said time zone is Sitopped by 
said time zone determination stopping means, an- 
other time zone is determined by said second time 

35 zone determining means. 

1 1 . An electronic sphygmomanometer for measur- 
ing blood pressure by pressing a portion of a living 
body, comprising; 

point detection means for detecting a point of a 
40 systolic blood pressure and that of the diastolic 

biood pressure in accordance with a generation or 

a disappearance of Korotkoff sound; 

determining means for determining the validity of 

said points in accordance with the height of the 
45 oscillating pulse wave at said point and the change 

in the height of said oscillating pulse wave in the 

vicinity of said point; and 

display means for displaying the blood pressure in 
accordance with the result of said determination 
50 made by said determining means. 

12. An electronic sphygmomanometer according to 
Claim 1 1 , wherein said point detection means de- 
tects each of said points at the time of pressure 
application and reduction so as to determine the 

55 validity of said point in accordance with the blood 
pressure level obtained at the time of said pressure 
application and the blood pressure level at the time 
of said pressure reduction. 
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